84 Grand Avenue
Tad: 518 THB-8288 Massapsgua, NY 11758 Faw: 518-TUB-0278

Commissionases
Thomas B Hand
Joseph T, Tricarioo
Haymond L Avema

Movember 4, 2015

Lora Fly

Remedial Program Manager

Navy Facilities Engineering Command Mid-Atlantic
MNortheast IPT

9742 Maryland Ave, Bidg Z-144

Norfolk, VA 23511-3085

Ed Hannon

Morthrop Grumman

828 South Oyster Bay Road
Bethpage, NY 11714

RE: Northrop Grumman and Naval Weapons Industrial Reserve Plant (NWIRP)
Sites

Dear Ms. Fly and Mr. Hannon:

The Massapequa Water District (MWD is seeking permission to sample select
monitoring wells {0 parform a Compound Specific Isotops Analysis {CSIA) (o test for a
correlation between the TCE in the monitoring wells and the TCE emanating from the
source plume. MWD will pay for all sampling and analysis costs and will share the data
with the Navy, Grumman and all parties listed below. The monitoring well locations
requested for sampling include Onsite Well 1, RE 103 D3, TT101 D2, BRPOW 3-4, BPOW
5-6 and BFOW 5-4.

Attached please find references for the USEPA methodology for sampis collection and
analysis related {o the CSIA scope. MWD plans on analyzing the samples using CSIA
technology for both TCE and 1,4 Dioxane.

Thank you in advance for your consideration of this request. Please fesl! free {0 contact
the undersigned if you should have any questions or require any additional information.

Very truly yours,
MASSAPEQUA WATER DISTRICT

pe O

Stan Carey
Superintendent

Committed {o defiver and prassrve our water supply for the welfars, health, and safely
of the inhabitants of the Massapequa Walar District

Stantey J. Carey, Superintendent
Constance A Belegrines, Business Managey
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Doug Garbarini, EPA
R. Schick, NYSDEC

J. Swartwout, NYSDEC
J. Harrington, NYSDEC
3. Karpinski, NYSDOH
4. De Franco, NCDH
M. Boufis, BWD

F. Koch, SFWD,

B. Bruce, NYAW

ED_002631A_00004888-00002



.

SENRE

ED_002631A_00004888-00003



Application of C.

Compound Specific Isotope Analysiz (CSIA)}
provides another dimension of information on
pollutants in the environment to supplement
kmowiedge of their chemical identity and their
concentration. CSIA has matured into a technique
that can be used on a routine basis, in particular for
carbon isotope analysis, for a wide range of organic
contaminants relevant to hydrogeology and envi-
ronmental geochemistry. Modern instrumentation
can provide valid determinations of isotope ratios
at low concentrations of contaminants that are near
thelr regulatory standards or clean-up goals.

Application of C8IA at a contaminated site should
start with a clear idea of the information that is
sought from stable isotope analysis. Basically,
there are three distinet goals: (1) source character
ization or differentiation; (i) qualitative proof of
biodegradation or abiotic transformation; or, (i)
guantification of bicdegradation or abiotic trans-
formation processes. Advantages and lmitations
of the use of CSIA for these purposes have been
dizcussed in detail throughout this guideline. Ifthe
specific interest is guantification of degradation, the
first step is to consult the Herature (summarized

in Table 8.1} to determine whether an appropriate
isotopic enrichment factor is available. Using the
enrichment factor, the second step is to estimate
whether the observed changes in concentration of
the contaminant at the field site are sufficient to
produce a measurable change in the isotope ratio.
I these two prerequisites are met there is 2 good
chance that it will be possible o put a conservative
boundary on the extent of biodegradation or abiotic
transformation at the field site.

O a per sample basis, the cost of an individual
isotope analysis is substantially higher than the cost
of a VOU analysis to identify the chemical, and
determine its concentration. This s due to the price
of the equipment required to perform CSIA, the
costs of consumables, the level of training and ex-
perience required for the analytical chemist, and the
number of standards and sample duplicates that are
needed to ensure reliable data as discussed in sec-
tion 2.4, However, a simple comparison of direct
costs for analyses is not very meaningful. Instead,
consider the total cost of a site investigation. fthe

@mmmmdmims for the

additional information from CSIA leads to avobust
conceptual model for a site, it can lead to savings
in conventional monitoring, If there is greater faith
in the site conceptual mode!, adequate monitoring
can be attained with fewer rounds of sampling and
analysis, and fewer monitoring wells.

Furthermore, CS1A can guide decisions on seleg-
tion and implementation of remediation sirategles,
and can be used to monitor the performance of
remedial technology in an early stage of imple-
mentation. Thus, the huge waste in resources that
are associated with the selection of an unsuitable
remediation strategy might be avoided.

Compound specific isotope analysis can be applied
on & routine basis when precautions are 1aken to
ensure high quality data and the appropriate in-
terpretation of the data. However, US1A cannot
replace a proper hydrological and geochemical
characterization or measurements of contaminant
concentrations. Multiple lines of evidence will
continue to be necessary to come to a meaningful
assesament of the risks associate with the contami-
nants and the selection of an appropriate remedy.

It is our hope that this Guide will be a usefdd in-
troduction for beginners in environmental isotope
analysis. We expect that CSIA will have a grow-
ing role in investigations at hazardous waste sites.
The growth in the application of CSIA is driven

by continued improvements in analytical methods,
by more widespread availability of the instruments
used in CS1A, by an ingreasing numbser of publica~
tiona showing the broad applicability of C8lA 1o

a variety of contaminants, and by an increasing
appreciation for the unigue information provided by
CEIA. We have only “scraiched the surface” of the
potential of CS1A to provide a better understanding
of the source, distribution, and behavior of organic
compounds at contaminated field sites.
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This fact sheet, developed by the ITRC Environmental Molecular Diagnostios (EMD) Team, is one of 10
designed to provids introductory information about and promote awareness of EMDs. Please review the
froduction to EMDs Fact Sheef along with this one. A glossary is included st the end of this fact sheel,
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Compound specific isolope analysis (CSIA) is an analytical method that measures the ratios of naturally
oocurting stable isclopes in environmenial samples. As described in this fact sheet, CBIA can be used o
gain information {e.g., potential contaminant sources, extent of degradation, comingling of contaminant
plumes) relevant to environmental remediation decision makers. Stable isotope probing (SIP), whichis a
separate and distinct EMD method and is discussed in iis own fact sheel, uses isolopically enviched
{(labeled) contaminants and examines the incorporation of siable isolopes into biomolecules and by-
products that are generated during biochemical processes associated with contaminant biodegradation.

CSIA is a laboratory method in which samples collectad from the fleld are analyzed to give information
that can be valuable for assessing environmental forensics or contaminant fate. Each slement in &
compound has a distingt isctopic ratio. For a given slement the isotopic ratio is known 1o within a few
percent; however, that ratic can change in systematic ways during the course of biodegradation or other
processes. CSIA measures these small changes in isclopic ratios very pracisely. Those changes can be
explolied to gain important information about the source, transport, and fate of a compound. Table 1
includes information about environmentally relevant slements fo which CSIA is often applied.

Since the isctopic ratio in the compound is a function of the starting Table 1. Environmentally

material and the manufacturing process as well as the degradation refevant ratios for CBIA

of that compound after it was made, CSIA has applications in Atom Ratio

environmental forensics, biodegradation, and abiotic degradation. | Hydrogen | “H/ H (D/H)

Examples include the following: Carbon T8 giam
Siodearadati Nitrogen PNIN

* Biodegranation , , Oxygen OO and 00
o Apparent ofs-dichioroethene (c/s-DCE) stall: Is the ¢fs-DCE Chiorine T

bicdegrading, or are concentration changes the result of
dilution?
o Dense, nonagueous-phase liguids: Is there biodegradation?
s Biodegradation of methyl tert-butyl ether (MTBEY: Is it ccourring?
 Agrobie ¢is-DCE and viny! chioride (VO How do we prove progress without daughter or end
products?
o Cometabolic degradation of chiorinated ethenes: Will the accumulation of VO really be skipped?
= Environmental Forensics—FEspecially when combined with other tests, CBIA can reveal detailed
information not just about remedial prograss or remadial potential bul also about forensic issues such
as the potential for mulliple sources.
Meathane: From shallow biodegradation or pipsline gas?
Perchlorate: Is it natural or synthetic?
Volatile organic compounds (VOCs): Ordgin from one source or multiple sources?
Nitrate: Is it runoff or naturally ocourring?
» Abiotic Degradation
o s biogeochemical transformation occurring?
o In situ chemical oxidation (ISCO): Was the I8CO successful in destroving contaminant mass and
the “rebound” is really just newly desorbed product?
o in situ chemical reduction, iron wall, nanoscale iron, or other reducing mbdures: Has the
coniaminant been destroyed or displaced?

[O e

3
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Gompountd Specific Isotope Analysis (CBIA)

CSiA can be used to make informed decisions for site characterization, monitoring, remedy selection, and
closure. CSIA can differentiate between degradation of a compound {e.q., ISCO) and other processes
that can also reduce contaminant concentration but do not reduce contaminant mass {e.g., displacsment
or diiution). CSIA has also been used 1o distinguish contaminant sources (e.g., trichloroethene [TCE] from
different plumes).

Example Environmental Remediation Questions CEIA Can Help Answer

s  Site Characterization
Has biclogical or abictic degradation occurred? If so, how much and where?
s methane from near-swrface biodegradation or natural gas production?
Is the TCE a parent from one source or a daughter product of perchiorosthens (PCE)
from another source’?
o s thers evidence of multiple sources?
o 1s the contaminant in the dissolved or nonagusous phase?
o 18 thers evidence of a rate-limiting step (Le., accumulation of contaminant intermediates)?
s Remediation
o Iz monitored natural attenuation (MNA) feasible?
s Monitoring
o Is remediation progressing as planned?

3

o4

CSIA has been in use for more than two decades since the merger of two 50-yvear-old fechniques that
were each well established: gas chromatography and isotopic analysis. lsotopic analysis has been used
extensively in geology and petroleum exploration. Due fo the extremely dilute concentrations typically
encountered in environmental samples {(as compared to those from traditional geology and petroleum
exploration applications), the early methods were not sultable for environmental work, However, within
the last 10-12 years advances in analytical instrumentation have resulted in the ability to apply CSlA o
very dilute samples, and the technique has been broadly applied to evaluate environmenial questions,

Changes in isotopic ratios are caused by the breaking of bonds betwaen atoms. Physical processes such
as dilution, diffusion, and volatilization do not change the isotopic ratios in compounds to the same extent
as chemical or biochemical processes such as degradation, For VOCs In groundwater, this means that
degradation of a compound is, by far, the major cause of significant changes In isolopic ratios. This
change in isolopic ratic happens in both biclogical and abiotic reactions, and CSIA is used to measure
those changes. The CSIA laboratory method is implemented using a number of instruments, including a
gas chromatograph (GC) and an isctope ratic mass spectrometer {IRMS),

Because compounds are made up of mulliple slemenis, CSIA can be performed on multiple isolopes to
gain further insight info origin or mechanisms of degradation. For example, both carbon (“C/%C) and
hydrogen (*H/'H) are often used for MTBE, whereas chiorine (' CY™Cl) as well as two isotopic ratios of
oxygen ("*0/'°0 and V0/°0) are often used for perchlorate. Table 1 fists environmentally relevant ratios
on which C3SIA can be used,

Every contaminant is made of atoms of various elements. The isolopes of a given element {(e.g., carbon,
hydrogen, chiorine) have the same number of protons and electrons but a different number of neutrons
and thus different atomic mass. Each element has a most-abundant isotope (for example, “C, or “carbon-
twelve,” for carbon) and one or more less-abundant isolopes (*C, or “carbon-thirteen,” for carbon)
{Figure 1}. The less-abundant isolopes are somelimes heavier {Le., confain one or more exira neutrons),
Some of thess heavier, less-abundant isolopes are nonradicactive (Le., siable), and the only significant
difference between these isclopes and their more-abundant counterpart is the increased mass. The

fod
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Lompound Specific sotope Analysis (CBIA) BRI Tonm Pagt Shesb—Novembay

increased mass leads o the process called “isotopic fractionation.” isotopic fractionation is monitored by

measuring the isolopic ratio, i.e., by CSIA,

isotopes of Carbon

13

C

8 protons & protons § protons
8 nautrons 7 neutrons 8 naufrons
“light” stable “heavy” stable radioactive
14 .
) proton () neutron C notin use

for CSI&

Figurs 1. Schematic of the atomis nuclel of the common carben isolopes.
Carbon-fourteen is not used in CSIA, Sowes: Microsesps, Ino., 2010, used with permission,

Isotopic fractionation ocours because it takes slightly less energy o break a bond between a light isolope
and another atom than if takes to break a bond between a heavy isotope and that same atom. As a result,
the rates of reaction involving the heavier isotopes are slightly slower, so the percentage of heavy
isotopes increases in the residual contaminant pool as the contaminant is degraded. Figure 2 shows this
“isotopic fractionation” or enrichment for a carbon-chiorine (C-Cl) bond,

< 20%
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Figure 2. Blustration of V¢ envichmant during
degradation of 2 confaminant with a C-C bond,
Soures: Microseeps, Ing., 2010, usad with permission,
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Gompountd Specific sotope Analysis (CBIA)

CSiA is a very sensitive technigue, and becauss the differences in isolopic ratios are so small, it is more
convenient 1o express the ratios in “per mil” {paris per thousand, or %e, similar fo the usual mstric for
comparison, paris per hundred, or percent) values, relative fo a reference standard. (A variely of
standards exist, and it is important that a common standard be used by the laboratory and reported with
the analytical resulls to enable data comparison). This is accomplished by using “delta” notation. The
standard is a constant and is the isotopic ratio of an internationally agreed-upon standard {for example,
for PCIC the standard is R = 0.01118). The definition of delta is as follows:

R, ~R
8, = 1000 x —2 58
Re

where the R, is the isotopic ratio of sample "X and 3, {called "delta of sample X"} is linearly related to the
isotopic ratio. Thus, if the 8("°C) for a TCE sample is “~31 per mil” {a typical value for undegradsd TCE),
this means that the “C/™C in the sample is 31 per mil, or 3.1 percent, lower than in the internationally
agreed-upon standard (Rey).

CSiA does not rely on concentration trends or the obsarvation of daughter products.
Because it isolates the contaminant, CSIA is relevant only fo that compound.
C3IA can detect very small changes in the isctopic ratio. This high level of precision allows for careful
assessment across a sile to reveal sublle but important differences in the contaminants.

e CSIA is extremely versatile. It can be used for many contaminants in a wide range of applications, as
listedonp. 1.

= The advaniages of CSIA can be increased by applying it fo muiliple isctopes In a given molecule
{e.g., both C2C and ¥ CUClin TCE). See Tabie 1,

e Al this tims, only a lmited number of laboratories provide CBIA services. Though CSIA may
theoretically be the way (o answer a guestion at a site, the paricular isotopic analyses may not be
commercially available. If this is the case, collaboration with academic laboratories andfor application
development with commercial laboratory should be investigated.

+ Becauss of the large number of compounds in petroleum products, there Is the potential for interference
at petroleum-release sifes {as well as other sites with many compounds in the groundwater), especially
near the contaminant source. SIP is one alternative to assess bicdegradation at these sites {see the SIF
Fact Sheet for more information). In addition, modifications to C51A methods can be used to overcome
interferences. For example, dual GC column separafions have been used effectively to evaluate
biodegradation of the lead scavenger 1,2-dibromoethane in groundwater at gasoline release sites (EPA
2008b}. The same technique is used for MTBE (Kuder et al. 2005).

» While the method is quite sensitive, there are limitations to that sensitivily. Isotopic fractionation may
ba so minimal that lithe or no isotopic enrichment is detected. This effect can ocour in molecules with
many of the same atom {e.g., several C atoms in one molecula). For example, CSIA of either carbon
or hydrogen is unlikely to provide valuable information for many high-molecular-weight polyeydlic
aromatic hydrocarbons during degradation.

e

The U.S. Environmental Protection Agency's A Guide for Assessing Biodegradation and Sowrce
identification of Qrganic Ground Waler Confaminants Using Compound Specific Isolope Anslysis (EPA
2008a) discusses many of the technical aspects of this technology, Including how (o best design a CSIA
study to address a particular question,
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Compountd Specific lsotope Analysis (O81A)

The sampling protocols for CSIA depend on what questions are being asked and which compounds are
of interest. For example, if CSIA is used to study the isotopic ratios of carbon, hydrogen, or chiorine of
VOCs in groundwater, then sampling involves the collection of water samples into standard volatile
organic analysis vials. Extra vials are ofien required due fo the need for both concentration/fidentification
and isotopic ratio analyses, as well as potential multiple dilutions and additional quality control {QC)
samplas. However, if CSIA is being used to study the origin of perchiorate in groundwater, sampling is
more complex, often requiring several hundred liters of groundwater to be pumped through special ion
exchange columns 1o trap perchicrate (Bohike et al. 2008). For all CSIA analyses, the laboratory that will
be analyzing the samples should be contacted for technical assisiance and lo ensure thal proper
sampling protocols for collecting, handling, and transporting the samples are followed.

The quality assurance {QAYQC program used for CSIA sampiling depends on the application. EPA
{2008a) offers QA/QC guidance for the application of CSIA to VOCs in groundwater. Further, the NELAC
institute has general standards for sample handling, data manipulation, training, documentation, and
reporting, all of which are important issues in acquiring CSIA services but which are not ofien covered in
technical methods or in method-specific SOPs (NELAC 2011}, If NELAC Instilule certification is not
available from a laboratory, then the user should discuss esach of these issues with the laboralory.
Currently, users can best ensure data quality by detalling the Iaboratory requirements in a site-specific
QA project plan {QAPP).

it should alse be noted that the EPA guide (2008a) may not provide sufficlent for application of C8lA to
perchiorate or other non-VOC contaminants. QA/QC procedures and issues should be developed and
discussed with the lasboratory performing the analysis, the project manager, the reguiators, and
stakehelders prior to the collection of samples.

Agloion, C. M., P, Héhener, 1. Hunkler, and R, Aravena, 2010, Environmental Isclopes in Biodegradation
and Bioremediafion. Boca Raton, Fla. CRC Press.

U8, Navy. 2010, "Compound Specific isolope Analysis” website, vers. 1. wywawartd or/CS Aol aspx.

Bohlke, J. K., P. B. Hatzinger, N. C. Sturchio, B. Gu, §. Abbene, and 8. M. Mroczkowski. 2008, "Alacama
Perchlorate as an Agricultural Contaminant in Groundwater: isolopic and Chronologic Evidence from
Long Istand, New York, USA)" Emvironmenial Sclence and Technology 43 58189-256. PMID
19731653,

EPA (UL.S. Environmental Protection Agency). 2008a. A Guide for Assessing Biodegradation and Source
identification of Organic Ground Waler Contaminants Using Compound Specific Isotope Analysis
{CSIA). EPAMBOU/R-08/148. www. gpa.oovinimilipubs/G00r08 14 8/800ROB 148 him.

ERPA. 2008h. Natural Alenuation of the Lead Scavengers 1,2-Dibromoethane (EDB) and
1, 2-Dichioroathane {1,2-DCA) at Molor Fuel Release Siies and Implications for Risk Management,
EPABOR-08/107.

Kuder, T., J. T. Wilson, P. Kaiser, R. Kolhatkar, P. Philp, and J. Allen. 2005, "Enrichment of Stable
Carbon and Hydrogen Isotopes During Anaercbic Blodegradation of MTBE: Microcosm and Field
Evidence,” Environmental Science and Technology 3% 213-20. PMID 158687087,

NELAC, 2011, "The NELAC Institute.” www . neiac-ingtitute orgfindex php.

h

ED_002631A_00004888-00009



Compound Specific Botope Analysis (DBIA)

cis-DCE stall—In biodegradation through reductive dechlorination, the parent chiorinated ethens is
sequentially dechiorinated via the following process: (PCE -~} TCE —» ¢is-DCE — vinyl chioride —
ethene. For a variety of reasons, the slowest step in the process is ofien the dechlorination of the
cis-DCE. This phenomenon is known as "¢is-DCE stall”

environmental forensies—The process of distinguishing contaminants from different sources.

isotopic fractionation—Some processes (for example, those which involve breaking chemical bonds) have
slightly different rates for different isotopes, leading to a more rapid consumption of one isotope over the
other. This characieristic is manifested in a change in the isotopic ratio of the residual compound,

isctopic ratio—The concentration of the heavy isolope normalized by the concentration of the light isolope.
stable isotope—AaA form of an element that doss not undergo radicactive decay at a measureable rate,

EMD Team Contact

Robert Musller, Team Leader

New Jersey Depariment of Environmental Protection
arihden state nius, (608) 884-3310

FECOS
ITRC is affiiiated with the
Environmental Council of the States

bob.musil
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Lompound Specific isotope Analysis (CHBIA)
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ITRC is & program of the Environmental Research institule of the States (ERIS), a 801{e){(3) arganization incorporated in the District
of Columbia and managed by the Environmental Councll of the Slates (ECOS8) ECOS s the national, nonprofit, nonpartisan
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The information provided In documents, training currcula, and other print or slectronic materials created by the Interstate Technology &
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evaluation, regulatory approval, and deployment of envitonmental technologies. The information In ITRE Products Is formudated o be
refiabls and accurate, However, the information is provided "as is,” and use of this information is af the users’ own risk.
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precaulions and compliance with then-applicable lews and regulations, [TRC, ERIB, and ECOSR shall not be Bable in the svent of any
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revised or withdrawn at any time without prior notice,

ITRG, ERIS, and ECOS make no represeniations or warranties, express of implisd, with respect to information in ITRC Products
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only; # should not be construed as definitive guidance for any specific sile and s not & substitute for consultation with qualifisd
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